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 The overall goal of this research project is to synthesize iron core, silica capped 
nanoparticles that, when they are exposed to a particular magnetic field, will react by increasing 
in temperature and emitting substantial thermal output. They will be injected into the human body 
for biological benefit by targeted thermal radiation. Once in the human body, ideally, they will be 
able to target a specific area, and then a magnetic field will be applied to induce thermal output 
through the process of hyperthermia. As the nanoparticles emit heat, they will mimic the natural 
bodily behavior seen by way of hyperthermia, therefore causing targeted cell death and destruction 
that can be used for various tumor treatments. The purpose of this thesis research is to characterize 
nanoparticles and the bio-mimicking material that they are tested in as a magnetic field is applied. 
This project has not yet progressed into in vivo testing yet, therefore, the characterization of the 
nanoparticles and the bio-mimicking material is key. The thermal properties need to be determined 
to observe how much heat the nanoparticles, the bio-mimicking material, and the silica capping 
gives off individually and collectively. The results garnered from the characterization will allow 
the project to progress with a better understanding of how the thermal reaction may be inhibited 
or amplified in the biological setting and how it may need to be modified to stay within the 
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The process of the bodies temperature rising to harmful levels is called hyperthermia. It occurs 
when the bodies tissues are exposed to high temperatures for long periods of time. This exposure 
can lead to dire repercussions such as cellular damage and cell death. This particular bodily 
response is the basis behind this research. 
When heat is applied to a specific area, it can cause disturbances among the cell pathways, and 
this can cause heat damage. Therefore, in theory, if the heat that caused hyperthermia could be 
used to target certain masses within the body, then, after applying a high enough temperature for 
a certain amount of time, it could cause cell death. Specifically, the death of the cells that made up 
the targeted mass. Along with causing cell destruction, heat is also a main inhibitor of DNA 
regeneration. Therefore, as it relates to this research, the ultimate goal is to not only destroy 
cancerous cells but to also prevent the cells from reforming. This can, in theory, be done by 
injecting nanoparticles into the bloodstream and heating them up with an applied magnetic field 
in the efforts of causing targeted cell death. 
 
II. Applications 
While the bodies response to extreme heat can detrimental, the bodily response of 
hyperthermia can also be used for the benefit of the human body. The idea behind this research is 
that hyperthermia could be induced in order to target certain harmful cells that may need to be 
destroyed. This can particularly be applied to the field of oncology and cancerous tumors. If 
targeted properly, the hyperthermia has, not only the potential to stop the tumors growth, but to 
destroy it all together. At the very least, though, the hyperthermia can increase the effects of other 
cancer and tumor fighting methods already in use, such as radiation. Past that, it has the potential 
to affect the tumors that normally don’t respond to the typical treatments by increasing the blood 
flow, modifying the structure of the mass. Now compromised, the tumors are weaker and more 
susceptible to the implemented therapies.  
In order for hyperthermia to be induced, our research focuses on how to implement iron core, 
silica capped nanoparticles into the bloodstream so they can target the tumors. Once the 
nanoparticles have been injected into the body and have reached and been concentrated around the 




heat up thus releasing thermal output directed at the tumor and inducing a similar bodily reaction 
to that of hyperthermia. The main difficulty comes in when trying to target a specific area. Without 
the ability to maneuver the nanoparticles within the body to the specific area, they could potentially 
damage healthy areas of the body. The figures below are brief illustrations of how the nanoparticles 












My main objective concerning this project is to characterize the nanoparticles and to determine 
how they behave separately and within a bio-mimicking substance for in vitro testing. By doing 
this, we can garner a better sense of which form of nanoparticles synthesis is best for our purposes. 
Seeing as the applications of this would be in the human body, a great deal of liability is involved. 
Therefore, to ensure the overall safety, it is prudent that in vitro testing be performed before actual 
application. The testing that I have helped with allows us to observe the heating properties of both 
the nanoparticles and the bio-mimicking substance. By observing the heating rates, we are able to 
calculate the specific absorption rate, which is how much thermal output it could potentially 
produce. There are, however, a fair amount of uniquely different things to consider when trying to 
isolate the amount of heating the nanoparticles would be able to produce in the human body, like 
the effects of the surroundings. Because of these various factors, we created the bio-mimicking 
environment using agar, Phosphate Buffered Saline, and albumin (the purposes of each of these 
ingredients is explained further in a later section). By testing the heating rate at each stage – agar 
with 100% water, agar with 100% saline, agar with 100% saline and albumin - we were able to 
determine what additions increased the thermal output and which may have acted as a damper. 
With this information, we were then able to characterize the nanoparticles to see their behavior 
separately and within the bio-mimicking material. Overall, this allows us to understand how the 
nanoparticles will heat in the body, what magnetic field should be applied to achieve the wanted 
results, and how the nanoparticles or the magnetic field may need to be modified to prevent any 
possible harm in an actual biological system.   
II. Biological Heating Limit 
Seeing as the ultimate goal is for the nanoparticles to be applied in the human body, the 
biological heating limit is a point that we need to be aware of. The biological heating limit tells us 
how much heat can be applied without causing damage to the biological system. That limit is 
approximately 5*10^9 amps/meters second. This value is determined using the frequency and the 
magnetic field applied to the body. Considering the device we are using to apply the magnetic 
field, the best way to ensure we are within the biological safety limit would be to reduce the 




therefore, as will be explained in more detail in a later section, the other option would be to reduce 
the frequency so a larger magnetic field can be applied.  
III. Equations 
The two equations that are most important when dealing with the thermal output of 
nanoparticles are the heat transfer equation, 
𝑄 = 𝑚𝑐∆𝑇 
(Q = heat transfer, m = mass, c = specific heat, ∆𝑇 = change in temperature) and the specific 








with c+ representing the specific heat of the surrounding substance, ∅-. representing the weight 
percent of the nanoparticle in the surrounding substance, and 34
35
 representing the rate of change of 
temperature which is garnered through the induction heater, the thermal output of the nanoparticles 
can be quantified. During my research, our main focus was the specific absorption rate since it 
observes the thermal power on a per gram basis. However, to calculate the SAR, certain values are 
required such as the specific heat and the rate of change of temperature. Therefore, using the 
induction heater we were able to find the rate of change of temperature, and with the differential 
scanning calorimeter, we found the specific heat.  
 
Research Objectives 
 The main objective of this research is to characterize both the nanoparticles and the bio-
mimicking material that the nanoparticles will be dispersed through. Eventually, the goal is to 
implement these nanoparticles in the human body so they can target and destroy tumors, but, before 
they can be applied, the nanoparticles need to be tested and observed in simulated biological 
circumstances to ensure safety. By gaining a more in depth understanding of their properties, we 
can proceed with determining what synthesis method of nanoparticles produces the wanted amount 
of thermal output while remaining within the biological heating limit, how the silica capping 
affects the heating of the nanoparticles, and how that can be modified to benefit the project. 
Therefore, by determining the heating rate, SAR, and specific heat of the bio-mimicking material 






 In order to begin the process of implementing nanoparticles into the human body, the first 
steps that should be taken are to characterize the behavior of the nanoparticles separately and 
within the biological environment. Seeing as the nanoparticles need to be tested before they can 
be put into a live subject, these tests are being done in vitro. The in vitro testing is done by putting 
the nanoparticles in a bio-mimicking substance. The bio-mimicking substance we have been 
utilizing is agar with additional ingredients to mimic various aspects of the body’s make-up. The 
agar, a biological culture media, is used to mimic the mechanical properties of human tissue. The 
agar was also used in tandem with Phosphate Buffered Saline (PBS) to mimic the human body’s 
salinity as closely as possible, and, finally, albumin, the main protein in blood, was also used to 
mimic the general cell structure of the human body. In order to accurately test the nanoparticles 
and garner descriptive results regarding the nanoparticles thermal output as opposed to the 
environments thermal output, each testing environment had to be tested in stages. 
 These stages were tested using an induction heater and a differential scanning calorimeter. 
With the induction heater, we were able to record the heating rate. By applying a magnetic field to 
the sample, it would cause it to heat up and the corresponding computer program (FoTemp 
Assistant) would record the temperature every two seconds. After allowing it to run for about 30 
seconds, we would analyze the data and calculate an overall slope of the given data. This would 
represent the overall heating rate of the substance at the specified magnetic fields. This value would 
then be input into the SAR equation as the rate of change of temperature. However, in order to 
calculate the SAR value, the specific heat was also needed. The differential scanning calorimeter 
was used to acquire this value. Taking small samples of the already made agar samples, we tested 
them in the differential scanning calorimeter. This would send data to the computer program 
(Trios) which would record the heat flow compared to a provided control sample and would record 
the Normalized Reversing Heat Capacity, which is our specific heat.  
 We began by making a mixture of agar using 0.5g of the agar powder and 25mL of solution 
(PBS, water, or a mixture depending on the concentration). This would make five 5mL samples 
that were then stored for later use in the induction heater and differential scanning calorimeter. As 
the characterization continued, we also added 1g of albumin into the mixture. Due to the synthesis 
of agar and the process of boiling the mixture, the albumin, which can only maintain the needed 




cooled down to about 40-50°C. When we reached the nanoparticles testing stage in the bio-
mimicking material, we typically added about 250mg to the mixture. This, of course, varied when 
testing the thermal output at various nanoparticle concentrations, as will be discussed in the 
Results. When tested alone, the nanoparticles were usually separated into samples of 0.5mL. As 
testing proceeded, these measurements varied occasionally depending on the purpose of the test. 
 
Results 
I. Bio-mimicking Substance Testing 
We began testing only the agar with saline at various concentrations. A basic recipe for 
agar was used with the occasional substitution of saline for particular measurements of water to 
establish the various concentrations. The agar was made with a 100% concentration of PBS as well 
as 80%, 60%, 40%, 20% and 0%. Once these were made and labelled, they were put in the 
induction heater so 600 Amps could be used to produce a magnetic field that could be applied to 
the substance and the thermal reaction could be measured per second. The results for this testing 
can be seen below in figure 2.  
 
 
































By running these tests, we gathered data regarding the ionic heating of the agar, specifically at the 
various concentrations. This allows us to observe the effect salinity has in the biological 
environment as well as the thermal output of the agar itself when at 0% PBS concentration. As is 
displayed in the figure, as the salinity decreased, the heating rare decreased as well. This is mostly 
due to the reduced number of ions in the substance at lower salinities. When the magnetic field is 
applied to the agar, the ions within the substance begin to move with the magnetic field applied 
through the coil (see figure 19 in the Appendix) of the induction heater. This movement creates 
friction which then creates heat, resulting in the given thermal output. However, with reduced 
saline concentrations comes a reduced number of ions, therefore, decreasing the amount of friction 
generated when the magnetic field is applied. This results in reduced thermal output.  
 Next, in order to characterize the substance even further, albumin was added during the 
process of agar synthesis. Since the agar has to be heated in order to be made, it was imperative 
that the mixture be allowed to cool substantially before adding the albumin into it to prevent 
altering the molecular structure. These new agar samples were made with strictly 100% PBS 
concentration, since that is closest to the body’s natural salinity. These bio-mimicking substances 
were then tested for specific heat in the differential scanning calorimeter (DSC). In order to 
calculate the specific absorption rate (SAR), which tells us the thermal output when taking into 
account the substance properties, rate of change of temperature, and the weight percent of the 
nanoparticles, we must determine the specific heat of the surrounding substance. In this case, the 
surrounding substance would be agar made with saline and albumin added to it. Therefore, small 
samples were taken and put into the DSC machine so it could be compared to the control sample 
to determine the heating of the material. After three tests were run, the average was taken to 
determine the specific heat. This graph is illustrated below in figure 3, and you can see that the 






Figure 3. Average Specific Heat of Agar with Albumin 
 
II. Nanoparticle Testing  
 Once the specific heat of the bio-mimicking substance had been determined, we also 
wanted to look at the heating results of some of the nanoparticles that had been given to us. First, 
we tested one batch of nanoparticles made in aqueous solution but with two different methods 
(FA-2 Old and FA-2 New). After running multiple trials in the induction heater at the applied 
magnetic field produced by a 600A current, we calculated the heating rate. The results of these 
tests can be seen below in figure 4. Utilizing the SAR equation, the thermal output of the 


























Figure 4. FA Heating Rate Comparisons 
 
 In addition to these nanoparticles, another group of aqueous solution nanoparticles was 
also tested (FA-2HNew). These, however, were tested at various concentrations of nanoparticles. 
Diluting them down using their native solution and water, we tested them at the concentrations of 
100% nanoparticle solution, 77.8%, 55.6%, and 33.3%. Through this line of testing, we were able 
to observe how the nanoparticles behaved based on their concentration in the solution. As 
expected, the heating rate decreased as the concentration decreased due to less particles, which 
resulted in less friction and fewer conductive particles. The graph depicting this trend can be seen 























Figure 5. Water Diluted Nanoparticle (FA-2HNew) Heating Rates 
 
Once again, the SAR equation was used to determine the thermal output (the values and process 
can be seen in table 2). As is illustrated in figure 6, the SAR increases as the concentration 
decreased. This reversed trend is most likely due to the reduced inter-particle distance, which 
decreases exponentially with the increase in concentration. Each nanoparticle acts as a small 
magnet and can influence the neighboring nanoparticles. This means that when they are all 
extremely close together and a magnetic field is applied, the magnetic fields tend to interfere with 
one another resulting in less movement and an overall dampening and reduction in the specific 





























Figure 6. Nanoparticle (FA-2HNew) Specific Absorption Rates in Water   
 
 Next, we received more nanoparticles to test, only this time they were synthesized using 
an oil phase instead of water, using two different methods. The organic solution used was 
cyclohexane. The purpose of testing these nanoparticles was to characterize the heating rate of the 
nanoparticles in a different environment and to observe the heating rate of this method of synthesis 
of nanoparticles compared to the others. The nanoparticles tested were spread throughout a more 
dispersed structure when synthesized. The results of the induction heating tests can be seen below 
in figure 7, and the displayed slopes are the heating rates with units Celsius/second. As you can 


























Figure 7. Nanoparticle Heating Rates in Cyclohexane 
 
However, when the SAR was calculated, the values, shown in table 3, were found to be far lower 
than the previously calculated values for the most recently tested aqueous synthesized method. 
This comparison can be seen below in figure 8.  
 
 










































With a deviation of approximately 300 W/g, the cyclohexane nanoparticles proved to conduct the 
least amount of heat. This might be due to the wide discrepancy between the high weight percent 
of the nanoparticles in the cyclohexane synthesis and the lower weight percent of the nanoparticles 
in the water synthesis. For this reason, as well as the fact that cyclohexane is extremely corrosive, 
this nanoparticles synthesis method will most likely not be repeated.  
 As a final illustration, we compared all the nanoparticle synthesis methods to one another. 
This graph can be seen below in figure 9. As illustrated in the graph, the cyclohexane synthesized 
nanoparticles resulted in the smallest SAR values out of all of them, while the aqueous phase 
synthesized nanoparticles all had larger specific absorption rates that were in the general realm of 
300 Watts/gram ranging from about 273 to 380 Watts/gram.  
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III. Nanoparticles in Agar 
 The nanoparticles synthesized in aqueous solution labelled as FA-2HNew were also given 
to us in a dried form so we could add it to the agar mixture. The nanoparticles in powder form 
were added to the albumin while the solution was being mixed to ensure maximum dispersion. 
Once the samples had been allowed to set and solidify, we used the induction heater to test the 
heating rates at various magnetic fields instead of just those produced by a current of 600A.  This 
was done because testing with the larger magnetic fields allows us to compare it to our other data 
already gathered at that same magnetic field. It also allows us to observe a general trend as the 
magnetic field decreases which only adds to our characterization of the nanoparticles separately 
and in certain environments. In addition to this, it was also necessary because of the biological 
heating limit. Because the limit is approximately 5*10^9 amps/meters second, and the values 
involved in determining this number are frequency and magnetic field, we were only able to apply 
a certain magnetic field given the available environmental factors. In order to stay within the 
biological safety limit while maintaining the current frequency applied by the induction heater of 
about 300 kHz, the magnetic field would have to be produced by a current of about 100 A or less. 
The device, unfortunately, can start to experience issues leading to inaccuracies in results as the 
magnetic field begins to get low. Therefore, the first step was to test the nanoparticles to as low of 
a magnetic field as was accurate when the frequency is at 300 kHz. As you can see in figure 10, 
the heating rate decreased as the magnetic field was reduced. This general trend carried over to the 
SAR calculations (table 4 in the Appendix), which can be seen in figure 11.  
 





























Figure 11. Nanoparticle (FA-2HNew) Specific Absorption Rates in Agar/Albumin 
 
 Once we had acquired this data, we compared it to the nanoparticles that were synthesized 
in aqueous solution and then were also tested in the aqueous solution at a magnetic field produced 
by a current of 600A. This enabled us to observe how much thermal output was coming from the 
agar and albumin bio-mimicking environment and how much was due to the nanoparticles 
themselves. This comparison can be seen in figure 12.  
 
 








































 For further characterization, the same sample that contained the nanoparticles synthesized 
in an aqueous solution then suspended in the agar and albumin was then tested using the differential 
scanning calorimeter. While we had already tested the agar and albumin before, this showed us the 
changes in specific heat that adding nanoparticles would cause, and how the nanoparticles are 
directly affecting the properties of the overall substance. The average specific heat is displayed in 
figure 13.  
 
 
Figure 13. Average Specific Heat of Nanoparticles (FA-2HNew) in Agar and Albumin 
 
 Moving on the next step, we proceeded to test the nanoparticles at a more applicable level 
– closer to the biological limit. This particular process required a few extra steps because, in order 
to get the most accurate results when heating within the biological limit, the simplest thing to do 
was to reduce the frequency to 200kHz from 300kHz. This was done by increasing the capacitance, 
which required us to switch out the capacitors already in the machine. This allowed us to continue 
using the higher magnetic fields but we were now also able to test at and below the biological 
limit. Before this was done, however, we also tested the nanoparticles at the initial frequency of 
300kHz from 300A down to 100A and recorded that data for future comparison. Once the 
optimization of the induction heater was done, we tested the nanoparticles in the agar and albumin 



























at 200kHz and 300 kHz can be seen below in figure 14, and the SAR calculations can be viewed 
in table 5 in the Appendix.  
 
 
Figure 14. Nanoparticle (FA-2HNew) Heating Rate Applied Frequency Comparison  
 
As is illustrated, there was an obvious decrease in SAR from the 300kHz to the 200kHz tests. With 
the new range of magnetic fields that can provide reliable results, the frequency will most likely 
remain at 200 kHz in order to ensure the maximum accuracy of the results, and that we are 
recording the most applicable results.  
 Another sample group of the FA-2HNew nanoparticles was made with the concentration 
of nanoparticles in the agar and albumin sample cut down to half of what had been previously 
used. With 125mg of nanoparticles in the bio-mimicking material as opposed to the usual 250mg, 
the induction heater was used again to record the heating rates so we could calculate SAR values 


























Figure 15. Specific Absorption Rate Comparison at Reduced Concentration of 
Nanoparticles (FA-2HNew) 
 
The slight drop in SAR in the 600A trial may simply be due to varying particle dispersion 
throughout the agar samples. By comparing the values above to that of figure 11, it is evident that 
the nanoparticles with a lower concentration produced a higher specific absorption rate. This is 
consistent with the precedent set by the SAR values of the nanoparticles in aqueous solution 
measured at different concentrations. For the same reason, the agar and albumin samples with 
lower nanoparticle concentrations are better conductors. 
 
IV. Nanoparticles in Toluene 
 The most recent data gathered was heating rate measurements of another sample of 
nanoparticles that has been synthesized this time in toluene. Taking 0.5mg samples of the 
nanoparticles, we tested them at 4 different magnetic fields formed from applied currents ranging 
from 100A to 600A using the induction heater. Using the aforementioned equation, the SAR value 

























Figure 16. Specific Absorption Rate of Nanoparticles in Toluene 
 
Upon observation, it is very clear that the thermal output is far below that of the nanoparticles 
synthesized in water, and instead hovered just above the SAR for the nanoparticles synthesized in 
cyclohexane. These low values were expected because of the size of the nanoparticles, which has 
a direct correlation to the amount of nanoparticle heating. While other nanoparticles that had been 
tested were generally in the realm of tens of thousands of nanometers, the nanoparticles 
synthesized in the toluene were on average 5nm. Therefore, the heating output was greatly reduced.  
 Lastly, we were also able to test Fe core nanoparticles that had been synthesized in toluene 
but and capped in silica, as they will be in actual application. The results shown below in figure 
17 illustrate various SAR values at various magnetic fields. Different from other tests that have 
been previously run, the nanoparticles were also tested at 350A, 300A, and 250A. This is due to 
the drop in the heating rate from 400A to 200A. Instead of increasing in temperature, the 
nanoparticles actually dropped in temperature. This drop in heating rate was most likely due to 
experimental error since these have only been tested once so far. Nevertheless, because of this 
extreme and unprecedented drop, we tested at various magnetic fields between the applied currents 
of 400A and 200A to get a better understanding of when the shift happens. Therefore, going by 
increments of 50A, we tested more samples of the nanoparticles to garner the following results. 
The most drastic shift occurred from 250A to 200A. However, the overall graph does maintain the 
























as a whole, however, were extremely large. While the heating rate slopes were fairly small, the 
large SAR values were calculated because of the small concentration of the nanoparticles in the 
toluene. While most of the other samples had been at a concentration of 1mg of nanoparticles in 
every mL of solution (mg/mL), this particular sample, as seen in the calculations in table 8, was at 
a concentration of 0.02mg/mL. Therefore, what’s most likely being measured are some dissolved 
ions that may have been left over from the nanoparticle synthesis. Due to the high values seen 
below for some of the trials, we believe it’s mainly just background heating being measured instead 
of the actual particles. 
 
 
Figure 17. Silica Capped Nanoparticles in Toluene Specific Absorption Rates 
 
Conclusion 
While the research has not concluded, the data gathered so far will help with the 
understanding of the nanoparticles behavior and the characterizations of the substance it will be 
applied in. Overall, as seen in figure 12, it seems as though when the nanoparticles are added to 
the agar and albumin bio-mimicking substance, the agar and albumin increases the thermal output. 
This is also shown in figures 3 and 13. In figure 3, the specific heat is around 3.35 J/g*C, but when 
the nanoparticles are added to it, as seen in figure 13, the specific heat decreases to about 3.19 
J/g*C. A smaller specific heat means that it doesn’t take much energy to heat or cool the substance, 


























Therefore, based off the specific heats determined by the differential scanning calorimeter, the 
nanoparticles suspended in the agar and albumin are easier to heat than simply the agar and 
albumin alone.  
Based on our results, the nanoparticles that had the greatest potential thermal output were 
those synthesized in an aqueous solution as opposed to those synthesized in an organic solution, 
specifically the second round of nanoparticles (FA-2HNew). The nanoparticles synthesized in the 
cyclohexane, not only resulted in lower specific absorption rates, but the solution is also extremely 
corrosive and, is, therefore, not a long term suitable synthesis method. The toluene synthesis on 
the other hand, while the heating rates were fairly low for the nanoparticle cores, did garner high 
specific absorption rates when the nanoparticles were capped in silica. However, most of the 
hearing was most likely just background heating. Therefore, to record more accurate data, the 
toluene synthesized nanoparticles may need to be tested again. Due to the low concentration, the 
heating of the nanoparticles was most likely not recorded at all. In order to have a better 
understanding of this synthesis method and its results, the concentration for future tests would need 
to be a great deal higher.  
While these major observations are key in future steps regarding this research, more broad 
observations were also made and will prove to be helpful. The overall characterization of the bio-
mimicking material has given us insight into how much heat is coming from which aspect and, 
therefore, how it affects the nanoparticles thermal output once added in. We have gained a deeper 
understanding of how the nanoparticles heat depending on concentration, magnetic field, synthesis 
method, synthesis solution, and surrounding material. With this data recorded and the observations 
made, the next steps can commence. 
 
Future Steps 
 Proceeding with this research, the general next steps would entail further characterization 
of nanoparticles in their native solutions as well as suspended in the bio-mimicking substance.  
This will help to determine which nanoparticle synthesis method is best at creating nanoparticles 
that have the most ideal heating rates and can be applied safely in a biological system by staying 
within the biological safety limit. More testing with nanoparticles that have already been capped 
in silica will also be necessary to further characterize the effects the silica capping may have on 
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Mag. Field Strength (kA/m) Conc. (mg/mL) Cp dT/dt 
Trial 
wt% NP SAR (W/g) 
110 0.9 4.186 0.0817 0.000899 380.34 
110 0.9 4.186 0.084 0.000899 391.04 
110 0.9 4.186 0.0797 0.000899 371.03 




Mag. Field Strength (kA/m) Conc. (mg/mL) Cp dT/dt 
Trial 
wt% NP SAR (W/g) 
110 0.9 4.186 0.055 0.000899 256.04 
110 0.9 4.186 0.0562 0.000899 261.63 
110 0.9 4.186 0.0649 0.000899 302.13 
  Avg dT/dt= 0.0587 AVG 
SAR= 
273.27 
Sample Volume (mL) = 0.5     





















Cp dT/dt Trial wt% NP SAR 
(W/g) 
110 0.9 4.186 0.0461 0.000899 214.61 
110 0.9 4.186 0.078 0.000899 363.11 
110 0.9 4.186 0.078 0.000899 363.11 
  Avg dT/dt= 0.067366667 AVG 
SAR= 
313.61 
Sample Volume (mL) = 0.5     
FA-2 HNew 




Cp dT/dt Trial wt% NP SAR 
(W/g) 
110 0.7 4.186 0.0664 0.000700 397.35 
110 0.7 4.186 0.0573 0.000700 342.89 
110 0.7 4.186 0.0706 0.000700 422.48 
  Avg dT/dt= 0.064766667 AVG 
SAR= 
387.58 
Sample Volume (mL) = 0.5     
FA-2 HNew 




Cp dT/dt Trial wt% NP SAR 
(W/g) 
110 0.5 4.186 0.0629 0.000500 526.86 
110 0.5 4.186 0.0577 0.000500 483.31 
110 0.5 4.186 0.0547 0.000500 458.18 
  Avg dT/dt= 0.058433333 AVG 
SAR= 
489.45 
Sample Volume (mL) = 0.5     
FA-2 HNew 




Cp dT/dt Trial wt% NP SAR 
(W/g) 
110 0.3 4.186 0.057 0.000300 795.58 
110 0.3 4.186 0.0562 0.000300 784.41 
110 0.3 4.186 0.0491 0.000300 685.31 
  Avg dT/dt= 0.0541 AVG 
SAR= 
755.10 
Sample Volume (mL) = 0.5     








Method Mag. Field Strength 
(kA/m) 
Conc. (mg/mL) Cp dT/dt Trial wt% NP SAR (W/g) 
4 110 2.3 1.85 0.0615 0.002900 39.23 
5 110 2.3 1.85 0.0541 0.002900 34.51 
  Avg dT/dt= 0.0578 AVG 
SAR= 
36.87  
    STD SAR= 3.338031667  
Table 3: Nanoparticles Synthesized in Cyclohexane SAR Calculations 
 
Dried Fe Cores in Agar 
Mag. Field Strength (kA/m) Conc. 
(mg/mL) 
Cp dT/dt Trial wt% NP SAR (W/g) 
110 10 3.3 0.7502 0.006061 408.48 
110 10 3.3 0.5909 0.006061 321.75 
110 10 3.3 0.5394 0.006061 293.70 
  Avg dT/dt= 0.626833333 AVG 
SAR= 
341.31 
Sample Size 5 mL  STD SAR= 59.83944348 
Agar Density 1640 mg/mL    
Mag. Field Strength (kA/m) Conc. 
(mg/mL) 
Cp dT/dt Trial wt% NP SAR (W/g) 
91 10 3.3 0.4951 0.006061 269.58 
91 10 3.3 0.6096 0.006061 331.93 
91 10 3.3 0.6999 0.006061 381.10 
  Avg dT/dt= 0.601533333 AVG 
SAR= 
327.53 
    STD SAR= 55.88640238 
Mag. Field Strength (kA/m) Conc. 
(mg/mL) 
Cp dT/dt Trial wt% NP SAR (W/g) 
73 10 3.3 0.4718 0.006061 256.90 
73 10 3.3 0.5949 0.006061 323.92 
73 10 3.3 0.6578 0.006061 358.17 
  Avg dT/dt= 0.574833333 AVG 
SAR= 
313.00 
    STD SAR= 51.51500467 
Mag. Field Strength (kA/m) Conc. 
(mg/mL) 
Cp dT/dt Trial wt% NP SAR (W/g) 
55 10 3.3 0.4225 0.006061 230.05 
55 10 3.3 0.5444 0.006061 296.43 
55 10 3.3 0.5743 0.006061 312.71 






    STD SAR= 43.78451544 
Mag. Field Strength (kA/m) Conc. 
(mg/mL) 
Cp dT/dt Trial wt% NP SAR (W/g) 
36 10 3.3 0.3429 0.006061 186.71 
36 10 3.3 0.3964 0.006061 215.84 
36 10 3.3 0.4589 0.006061 249.87 
  Avg dT/dt= 0.3994 AVG 
SAR= 
217.47 
    STD SAR= 31.61266839 
Mag. Field Strength (kA/m) Conc. 
(mg/mL) 
Cp dT/dt Trial wt% NP SAR (W/g) 
18 10 3.3 0.1262 0.006061 68.72 
18 10 3.3 0.1281 0.006061 69.75 
18 10 3.3 0.1406 0.006061 76.56 
  Avg dT/dt= 0.131633333 AVG 
SAR= 
71.67 
    STD SAR= 4.259762853 






















Dried Fe Cores in Agar w/ 200 kHz 
Mag. Field Strength (kA/m) Conc. 
(mg/mL) 
Cp dT/dt Trial wt% NP SAR (W/g) 
55 10 3.3 0.437 0.006061 237.95 
55 10 3.3 0.3702 0.006061 201.57 
55 10 3.3 0.3833 0.006061 208.71 
  Avg dT/dt= 0.396833333 AVG 
SAR= 
216.08 
Sample Size 5 mL  STD SAR= 19.27347979 
Agar Density 1640 mg/mL    
Mag. Field Strength (kA/m) Conc. 
(mg/mL) 
Cp dT/dt Trial wt% NP SAR (W/g) 
36 10 3.3 0.2461 0.006061 133.99 
36 10 3.3 0.2125 0.006061 115.70 
36 10 3.3 0.1558 0.006061 84.83 
  Avg dT/dt= 0.2048 AVG 
SAR=  111.51 
    STD SAR= 24.84924788 
Mag. Field Strength (kA/m) Conc. 
(mg/mL) 
Cp dT/dt Trial wt% NP SAR (W/g) 
18 10 3.3 0.0916 0.006061 49.87 
18 10 3.3 0.0707 0.006061 38.49 
18 10 3.3 0.0673 0.006061 36.64 
  Avg dT/dt= 0.076533333 AVG 
SAR=  41.67 
    STD SAR= 7.164279869 













Dried Fe Cores in Agar w/ Reduced Concentration 
Mag. Field Strength (kA/m) Conc. 
(mg/mL) 
Cp dT/dt Trial wt% NP SAR (W/g) 
110 5 3.3 0.3914 0.003040 424.94 
110 5 3.3 0.3151 0.003040 342.10 
110 5 3.3 0.2673 0.003040 290.21 
  Avg dT/dt= 0.3246 AVG 
SAR= 
352.42 
Sample Size 5 mL  STD SAR= 67.95727518 
Agar Density 1640 mg/mL    
Mag. Field Strength (kA/m) Conc. 
(mg/mL) 
Cp dT/dt Trial wt% NP SAR (W/g) 
91 5 3.3 0.3398 0.003040 368.92 
91 5 3.3 0.2991 0.003040 324.73 
91 5 3.3 0.3786 0.003040 411.05 
  Avg dT/dt= 0.339166667 AVG 
SAR= 
368.23 
    STD SAR= 43.16068317 
Mag. Field Strength (kA/m) Conc. 
(mg/mL) 
Cp dT/dt Trial wt% NP SAR (W/g) 
73 5 3.3 0.3524 0.003040 382.60 
73 5 3.3 0.2574 0.003040 279.46 
73 5 3.3 0.356 0.003040 386.51 
  Avg dT/dt= 0.321933333 AVG 
SAR= 
349.52 
    STD SAR= 60.70852814 
Mag. Field Strength (kA/m) Conc. 
(mg/mL) 
Cp dT/dt Trial wt% NP SAR (W/g) 
55 5 3.3 0.2985 0.003040 324.08 
55 5 3.3 0.2092 0.003040 227.13 
55 5 3.3 0.3062 0.003040 332.44 
  Avg dT/dt= 0.2713 AVG 
SAR= 
294.55 
    STD SAR= 58.53856395 
Mag. Field Strength (kA/m) Conc. 
(mg/mL) 
Cp dT/dt Trial wt% NP SAR (W/g) 
36 5 3.3 0.1892 0.003040 205.41 
36 5 3.3 0.1501 0.003040 162.96 
36 5 3.3 0.1746 0.003040 189.56 
  Avg dT/dt= 0.1713 AVG 
SAR= 
185.98 
    STD SAR= 21.4510253 
Mag. Field Strength (kA/m) Conc. 
(mg/mL) 




18 5 3.3 0.0786 0.003040 85.34 
18 5 3.3 0.0374 0.003040 40.61 
18 5 3.3 0.0385 0.003040 41.80 
  Avg dT/dt= 0.0515 AVG 
SAR= 
55.91 
    STD SAR= 25.4876024 
Table 6: Nanoparticles (FA-2HNew) in Agar – Reduced Concentration (125mL) SAR 
Calculations 
 
Fe Cores in Toluene 
Mag. Field Strength (kA/m) Conc. (mg/mL) Cp dT/dt 
Trial 
wt% NP SAR (W/g) 
110 1 1.7 0.0458 0.001152 67.58 
73 1 1.7 0.0284 0.998004 41.91 
36 1 1.7 0.0092 0.998004 13.58 
18 1 1.7 0.0028 0.998004 4.13 
 liquid density 0.867 g/mL   
 liquid weight 433.5 mg   
 sample weight 0.5 mg   
Table 7. Nanoparticles in Toluene SAR Calculations 
 
Fe Cores Silica Capped in Toluene 
Mag. Field Strength (kA/m) Conc. (mg/mL) Cp dT/dt 
Trial 
wt% NP SAR Trial 
(W/g) 
110 .02 1.7 0.0485 0.000023 3574.29 
73 .02 1.7 0.0247 0.000023 1820.31 
64 .02 1.7 0.0118 0.000023 869.62 
55 .02 1.7 0.0136 0.000023 1002.28 
45 .02 1.7 0.0072 0.000023 530.62 
36 .02 1.7 -9.00E-05 0.000023 -6.63 
18 .02 1.7 0.0006 0.000023 44.22 
Sample Size 0.5 mL    
liquid density 0.867 g/m
L 
   
liquid weight 433.5 mg    
sample weight 0.01 mg    






II. Equipment List 
1. Differential Scanning Calorimeter 
This was used to determine the specific heats of the agar and albumin, as well as 
the agar and albumin mixture with nanoparticles. In order to determine the SAR or 
the heat transfer, the specific heat is needed. This machine measures the 
temperature and heat flow of a particular substance by comparing the sample 
provided to a control sample.   
 
 
Figure 18. Differential Scanning Calorimeter 
2. Induction Heater 
The induction heater was used to apply the magnetic field to the testing substances 
of agar, albumin, nanoparticles, etc. By applying a magnetic field in the coil 




to the nanoparticles in the human body. The samples are placed within the coil and 
are heated as the magnetic field is applied. The induction heater in return gives us 
readings of the heating rate so we can determine the behavior of the substance and 
nanoparticles at various amperages as they heat up.  
 
Figure 19. Induction Heater 
3. Hot Plate and Mixer 
A hot plate with a magnetic mixer was used to create the agar samples. Part of the 
process required boiling the solution, but due to the required thorough dispersion 
of the agar powder throughout the solution, the stirrer was used and the magnetic 
mixer also became an integral and necessary part of the process. 
4. Scale 
The scale was simply used to ensure the accuracy of measurements and calculations 
when a specific mass was required.  
5. Refrigerator 
The refrigerator was an integral aspect of the project for storage. Many of the 
nanoparticle samples needed to be stored in refrigerators as well as the agar 




cultures, after some time they appeared to be molding. When some initial DSC 
testing was done and the results returned were wildly inaccurate and lacked 
precision (we believe it was due to the molding in the samples), a different approach 
was taken and the new samples were stored in the refrigerator to ensure longevity, 
and the data discarded.   
6. Erlenmeyer flask 
The flask was simply used for liquid measurements, particularly saline 
measurements when in the process of making the agar. It was also the main 
container used during the synthesis of the agar.  
7. Fiber optic thermocouple 
The thermocouple was the probe used to take the temperature readings of the 
various substances that were subject to the magnetic field from the induction heater. 
The fiber optic probe was necessary because any kind of conductive material would 
have skewed the results had it been used as a thermocouple for these tests.  
8. Sonicator 
When dealing with the nanoparticles in a solution, the sonicator was necessary to 
use. If the nanoparticles had been allowed to sit for some time, they would settle to 
the bottom of the tube. In order to get accurate results, the nanoparticles should be 
evenly dispersed throughout the solution. Therefore, the sonicator was used to 
excite the particles within the tube, therefore, dispersing them.  
9. Mixer 
The mixer was used in tandem with the sonicator. If the nanoparticles had been 
left sitting for some time and had begun to settle to the bottom of the tube again, it 
was put on the mixer to excite the particles and redistribute them once more. This 
method is not as precise or detailed as the sonicator, therefore, it was usually used 
as an extra step after the samples had already been sonicated if they were not 










Figure 20. Agar with Albumin Samples 
 
 
Figure 21. Agar with Albumin and Nanoparticle Samples 
